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Present Status of Mars Express

All systems and experiments operational.
In orbit around Mars since December 2003.

Launch was June 2003.



The Mission Objectives

Mars Express is a mission of comparative planetology. It makes observations of the surface,
atmosphere, surface - atmosphere and atmosphere - interplanetary medium interactions.

Mars Express is an imaging mission and performs:

*global high resolution imaging (photogeology)
*global high resolution IR imaging (mineralogical mapping)
*atmosphere composition monitoring (IR spectroscopy)

*global atmospheric UV imaging (mapping of atmospheric composition and
circulation)

*subsurface remote sensing (radar)

* Global energetic and neutral atom imaging (plasma and neutral gas distributions)
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ASPERA-3 Components

IMA Unit:
lon Mass Analyzer (IMA)
Data Processing Unit (DPU)

Main Unit:
Neutral Particle Detector (NPD)
Neutral Particle Imager (NPI)
NP1 Solar Sensors (SS)
Electron Spectrometer (ELS)
Main Unit DPU (MU)
Scanner



Mars Express in orbit around MARS

ASPERA-3 Main Unit

ASPERA-3 IMA

Credits: ESA - lllustration by Medialabi, ID number: SEMBHYOP4HD



ASPERA-3 Ready for Flight
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SWRI Areas of Involvement In
ASPERA-3

SwWRI was and iIs Involved In three areas which
Include: Hardware, Software, and Science.

All three areas of SwRI involvement began at the
proposal stage and participated in the project
simultaneously.



Hardware
John Scherrer - PM pre-launch
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!No longer at SwRI, ?Converted to TA, *Retired from SwRI, “Now in Div 18,
°>Private Contractor, ®Div 16, ‘Now at ITC, 8Deceased



SWRI Hardware Involvement

SwRI was involved in two of the four instruments
comprising the ASPERA-3 experiment: IMA and ELS.

SwRI was charged with improving the IMA anode and
providing an ELS instrument.



SWRI IMA Involvement

1) SwWRI improved the IMA anode design and functionality,
2) Bulilt the IMA anode and 2 flight spare anodes,
3) tested the IMA anode.

remainder of IMA constructed at IRF and CESR

Note: 1 flight spare anode is in lon Composition Analyzer
Instrument on Rosetta



September 15, 1999

ASPERA-3 IMA
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September 15, 1999
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Improved IMA Anode




IMA Anode Back
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IMA Vacuum Testing




SWRI ELS Involvement

SwRI designed, built, and tested the ELS instrument and a
flight spare ELS.
(MSSL participation)

final calibration conducted at MSSL

The ELS flight spare is part of the ASPERA-4 experiment
on ESA’s Venus Express.



ELS Layout

Top Plate Inner Dome Assy

Standoffs
HVPS Boards

Housin%/
FEE Board (Outer Detlection Plate)




ELS Electronics
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ELS Housing




LS Power & Deflection Systems
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Software
Sandee Jeffers - PM post launch

Andrew Galus?, Carrie Gonzalez, Andrew Hudson!, Kevin Jennings>,
Anders Johansson!, Michael Madrigal®, William Motley, Joey Mukherjee,
Michael Muller, Richard Murphy’, Jeran Pardue!, David Preciado?,
Louis Vela.

!No longer at SwRI, 2Converted to TA, *Retired from SwRI, “Now in Div 18,
>Private Contractor, °Div 16, ‘'Now at ITC, 8Deceased



Continual Software Tasks

1) Process all ASPERA-3 telemetry into IDFS
format files: IMA, ELS, NPI, NPD, MU, Scanner,
and Sun Sensors within 24 hours.

2) Generate Spacecraft Orbit and Attitude within
24 hours of avallability.

3) Maintain EPO web site with quick-look
ASPERA-3 Data.

4) Process and support correlative data sets.
5) Submit ASPERA-3 data to ESA and NASA long
term data archives.

6) Support Science Activities.



http://www.aspera-3.org

Restricted Ac

3 Data and Plots 4% APAF Infarmation i YWideno Gallery e Faper Links

« Where did the Martian water go?
¢ Is it lost or simply frozen?

« If it's lost, what enabled it to escape the
planet?

« If it's frozen, where is the tremendous amount
of water stored?

These are the questions that the ASPERA-3 experiment is
helping to answer through the study of the solar
wind/atmosphere interaction in near-Mars space. This
device is onboard the Mars Express spacecraft launched
in June of 2003. No instrument with similar scientific
objectives has flown or is scheduled to be flown to Mars.

Collahnrativa Stndiag:



ASPERA-3 Data and Plots:
http://mexdata.space.swri.edu

MARS E

A\

XPRESS ASPERA-3 DATA SYSTEM

»
\ :j\_l\\ A

What can this web site do for me?

This web site provides plots of data from the ESA Mars Express ASPERA-3 instrument. Most instruments/mades of the experiment are available.

» Cluster PEACE High Resolution Data System
+ SwRI Virtual Sun/Earth Observatory

Show Mare...

il)}"""m To report any problems, email: Jogy Mukherjee
e ] ‘.y Last modified: 06/02/2010



Spectrum Example
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MEx ELS-04 LR
MEx ELS-04 HR _

Spectrogram/Line Plot Example
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NPI View of Mars Example
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3D Interactive Orbit Plot Example

MARS;‘Mors_ExEress/AUXILIARWAﬂi’rude;’ATFSNPIR
14:00:02.304 - 16:00:32.016
Standard Orbit Plot
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Examples of Contours
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gPlot Example

oy Applications Places 5System @@@ % 12:42 AM @
= Plot i Vertical Slice, Box 1 EEE
File Mode Slice File Mode
E] e Ll = ¥ E] ég = i T - g] e Ll =
- - 2006:031:10:41: 50 575
ELS-04 Differential Energy Flux
gy 2006:031:10:42:04.816
1000 T —
4 [ 1 ' [l !
L S 1 10 100 1000
o _!10“ \ 1 L a ] 1 1 M 1 |
1 st | - HR 10:41:50 UT
N q, ]I'I' If | n Ly FF'I' 2
% 100 : . ,f F‘ ;ﬁ "v ﬁ ' ﬂr:“":" L ) L " - LR 10:41:50 UT
g ] g .‘,. I *%ii i 3; ' g
E i-', .,l, L"M'“?l .:4. ."”LF nm ‘ ;"l’t-'” L E 00001 - - 0.0001 HR 10:42:04 UT
g l‘l i 1 M ¢ LR 10:42:04 UT
E JO __ I. \ II 1l : u | __ 10-5 5 | [
2 RAEIRERRIN Soiremn I - -
Lot ! . : | P oo 1 : '.I
PR P T ¥ T L T
——F—F——F—F—F——F—F——F—r—T
2006/031 10 31:40 40:00 48:20 56:40 1 E

Black - MU Telemetry; Red - Projected Real Value

o [
e w
i 2
o ﬂl
B 4
5
150 g5 S
=]
8
£
B 100 le05 I 1e-05
=)
o =
z 1 i
g
A
50— ) B
0 - I T T T T T T T T T T T T T 1
2006/031 10 1 10 100 1000
Electron Energy
eV)

@ [ B Terminal ][ B Terminal ][ B Terminal ][ B Terminal ][ @ Frahm_SwRI_Sem... ][ [ sDCentrol v6.2 - [... ” @ gPlot Version 1.0 -... ][ [ Plot ][ [ wertical Slice, Box 1 ]I:l.—




Science
David Winningham? - US P

Kathy Coers, Rudy Frahm (ASPERA Co-l), Rick Link?,
Stefano Livi (ASPERA-3 Co-l), Venissa Preciado, Christina McCarty,
Jim Sharber? (ASPERA Co-l), Dave Slater.

!No longer at SwRI, ?Converted to TA, *Retired from SwRI, “Now in Div 18, *Private
Contractor, °Div 16, ‘Now at ITC, ®Deceased
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Mars Electron Fluxes (Integrated 0-180°)
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Log Electron Intensity [cnts/(cm’-s-sr-eV)]

Contiguous Sampling Achievement

Expected Mars Photoelectron Spectrum at 145 km
from the ASPERA-3 Electron Plasma (ELS) Instrument
Instrument Response, Instrument Threshold (2 count), and Poisson Errors
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Magnetic Anomaly
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30.4 nm Photoionization of Carbon Dioxide

X"T1, ionization potential 13.8 ¥ —27.0 eV electron

) A°TT ionization potential 17.7 eV—23.1 eV electron
CO,+hv—2C0, +e
B*Y ~ionization potential 18.1 eV——22.7 eV electron

C*x," ionization potential 19.4 eV—21.4 eV electron

[Padial et al., 1981]



30.4 nm Photoionization of Atomic Oxygen

S ionization potential 13.62 eV—— 27.16 €V electron

O+hv— 0"+ & D ionization potential 17.10 eV—— 23.68 eV electron

P ionization potential 18.50 eV—— 22.28 eV electron

TA006169_AGU

[Mantas and Hanson, 1979]



Log Electron Intensity [cnts/{(cm®-s-sr-eV)]

Oversampling Spectral Resolution Achievement

from the ASPERA-3 Electron Plasma (ELS) Instrument

Instrument Response, Instrument Threshold (2 count), and Poisson Errors

Expected Mars Photoelectron Spectrum at 145 km
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19 June 2007 lonosphere Plasma
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2004 Distinct Photoelectron Statistics

Jan 05, 2004 - Jan 25, 2005

Fraction of Spectra showing Photoelectron Number of ELS Measured Spectra
Measurements from ELS Sector 3 Measurements from ELS Sector 3
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Symmetry Line Distance [R,...] Symmetry Line Distance [R,..]
B e
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Ta006202 Sample Fraction Ta006202_B Log Number of Samples

« 81,575 measured spectra less than 1.5 R,,,.. and below average MPB position
7,331 Photoelectron spectra less than 1.5 R,,,.. and below average MPB position

* ELS measured distinct photoelectron spectra 9% of the time



Log Differential Energy Flux [ergs/(cmz-sr-sec-eV]

Electron Flux Integration Detalls

From: 2007/170 20:22:59.318

v 3 F’hotoelectron Peaks g 0 ___;‘—_:T
4 . 1 ——\<>/ 2
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ELS-04

From: 2007/170 20:22:59.318
To: 2007/170 20:24:07.537

ELS-04

To:2007/170 20:24.08.537

Spacecraft Charge Adjusted

Log Differential Number Flux [ents/(cm®-sr-sec-eV]

Spacecraft Charge Adjusted —

Tall
Distinct
Peaks

1 2 15 20 25
Energy (eV) [Log] Energy (eV)

Escaping Electron: 5,74 x 10¢ electrons/(cm? s sr)

Uncertainty: 1.26 x 102¢ electrons/(cm? s sr)
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Photoelectron Escape Rate

Electron Outflow

Yearl

Electron , Angular | Escape y
= Measured

Flux Flow Area .
Fraction

= 5.74 x 10° X 0.478 *  1.16 x 10*®  * 0.09

2.85 + 1.53 x 1023 electrons/s

2004 Electron loss = 15 + 8 Mmole

Acknowledgement: NASA Contract NASW-00003



Conclusion

The ASPERA program at SwRI has been highly
successful in achieving hardware, software, and
science goals.

SWRI has made this FIRST NASA Discovery
Program Mission of Opportunity a success.

Thanks to all who have contributed to and
continue to contribute to the ASPERA program.
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